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This invention relates to a process for the preparation of 2,4,5-trisubstituted 2-oxazoline compounds 
having trans-(5R) configuration. 

More particularly, this invention relates to a process for the preparation of the above compounds from 
precursors wherein the carbon atom that will be at position 5 in the oxazoline ring, has S configuration. 
5 (2R,3R)-3-(4-methylsulfonylphenyl)-2-dichloroacetamido-1 ,3-propanediol is an antibiotic known as 
Thiamphenicol (Merck Index XI Ed., n. 9230, p. 1465). 

(2S,3R)-3-(4-methylsulfonyl)-3-hydroxy-2-dichloroacetamido-1-fuoro-propane is an antibiotic known as 
Florfenicol (Merck Index XI Ed., n. 4042, p. 642). 

(2R,3R)-3-(4-memylthiophenyl)-2-amino-1 ,3-propanediol (hereinafter refered to as 2R,3R-thiomicamine) 
w and (2R,3R)-3(4-methylthiophenyl)-3-hydroxy-2-amino-1-fluoropropane (hereinafter referred to as 2S.3R- 
fluorothiomicamine) as well as their N-dichloroacetyl derivatives are intermediate compounds in the 
synthesis of Thiamphenicol and Florfenicol, respectively. 

It is worthy of notice that the absolute configuration of the above mentioned two compounds is 
analogous while the apparent difference in the configuration of the atom at position 2 is due exclusively to 
75 rules of nomenclature. 

The literature about the synthesis of Thiamphenicol and Florfenicol is rich in publications and patents. 
The British patent 745 900 discloses the preparation of Thiamphenicol from 2R,3R-thiomicamine via N- 
dichloroacetylation and oxidation of the CH 3 S group to a CH3SO2 group. 

EP-B-014 437 (Schering Corp.) discloses the preparation of Florfenicol from 2S,3R-fluorothiomicamine 
20 by oxidation of the group CH 3 S to a CH3SO2 group and subsequent N-dichloroacetylation. This patent also 
describes a process for the preparation of 2S-3R-fluorothiomicamine. 

EP-A-0 130 633 (Zambon S.p.A.) discloses a procedure for the preparation of (2S.3R)- 
fluorothiomicamine by fluorination of heterocyclic compounds prepared by concomitant protection of both 
the benzyl hydroxy and amino groups of 2R,3R-thiomicamine. Typical examples of said heterocyclic 
25 compounds are the (4R,5R)-2-oxazolines substituted at 4 position by a CH 2 OH group which is converted 
into an alkyl- or aryl-sulfonyloxymethyl group (by reaction with a derivative of an alkyl- or aryl-sulfonic acid) 
and then into a fluoromethyl group, for instance by reaction with KF in a poly glycol. 2-oxazolines must 
have 4R.5R configuration, i.e. the proper configuration necessary to give the desired 2S,5R- 
fluorothiomicamine, after hydrolyzation. 
30 The Italian patent 1 216 880 (Zambon Group S.p.A.) discloses the preparation of the 2-phenyl-4- 
sulfonyloxymethyl substituted 4R,5R-oxazolines of EP-A-0 130 633, by reacting (2R,3R)-N-benzoyl- 
thiomicamine with the chloride of a sulfonic acid in the presence of a base. 

PCT WO 86/017799 (Schering Corp.) discloses a process for preparing the racemic threo- 
fluorothiomicamine and the optical resolution thereof to give the (2S,3R) enantiomer. 
35 The Italian patent 1 223 563 (Zambon Group S.p.A.) discloses a process for converting 2S,3S- 
thiomicamine into an equimolar racemic mixture of 2S.3S and 2R,3R-thiomicamine. 

The Italian patent 1 216 538 (Zambon Group S.p.A.) discloses a process for preparing the 2-phenyl-4- 
sulfonyloxymethyl substituted 4R,5R-oxazolines of EP-A-0 130 633, by reacting (2R,3R)-thiomicamine with 
benzonitrile. 

40 U.S. patent 4 876 352 (Schering Corp.) discloses a process for fluorinating 2-oxazolines or the forms 

thereof wherein the sulfur has been oxidated, of EP-A-0 130 633. 

PCT WO 90/14434 (Schering Corp.) discloses a process for the enzymatic separation of precursors of 

Thiamphenicol and Florfenicol and their conversion into Thiamphenicol and Florfenicol through known 

reactions and intermediates such as, for example, the 2-oxazolines described in EP-A-0 130 633. 
45 EP-A-0 423 705 (Zambon Group S.p.A.), discloses a process for the inversion of 2S,3S-thiomicamine 

into the desired 2R.3R enantiomer. Some intermediates of this process can be converted into 2S.3R- 

fluorothiomicamine which is useful for preparing Florfenicol. 

The above review clearly shows that (4R,5R)-2-oxazolines of EP-A-0 130 633 are key intermediates in 

the preparation of Florfenicol because they may be easily fluorinated and give, after hydrolyzation, threo- 
50 (2S,3RHuorthiomicamine. Indeed, the hydrolyzation of non-fluorinated oxazolines affords threo-(2R,3R)- 

thiomicamine. 

The literature also reports on the use of the threo-(2S,3S) enantiomer of thiomicamine in the synthesis 
of Thiamphenicol or Florfenicol, via racemization or complete inversion of its configuration. 

The literature does not teach, however, how to use the erythro enantiomers of thiomicamine or 
55 derivatives thereof in the synthesis of Thiamphenicol or Florfenicol. 

Surprisingly, it has been now found a process for the preparation of a 2-oxazoline compound of the 
formula 
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70 




CI trans(5R)l 



wherein 

R is alkyl, alkoxy, substituted alkyl, alkenyl, substituted alkenyl, phenyl, substituted phenyl, phenylal- 
kyt or substituted phenylalkyl, and 
15 X is hydroxy, halogen or acyloxy from a carboxylic or sulfonic acid, 
comprising treating a compound of the formula 




CH 3 S< ( ) VCH— CH-CH a X III, erythro(3S)l 



25 



wherein 

R and X have the above mentioned meanings, 

30 Ri is hydrogen or acyl, 

R2 is hydrogen, or 

R1 and R2 together form a group 



35 R ^y R 3 

where Ra is hydrogen, alkyl, alkoxy or phenyl, or both R3 together form a tetra or 
40 pentamethylene chain. 

with an ionizing non-nucleophilic agent, in an inert solvent or diluting agent, at a temperature of from -20 to 
100-C. 

Compounds of formula I are known from EP-A-0 130 633. 

Compounds of formula II are erythro stereoisomers of known compounds deriving from threo- 
45 thiomicamine. 

In the above formulas 

- halogen means fluorine, chlorine, bromine or iodine; 

- alkyl means a linear or branched alkyl preferably having from 1 to 6 carbon atoms; preferred 
meanings are methyl, ethyl, n-propyl. isopropyl and n-butyl; 

50 - alkenyl means a linear or branched chain having 2-6 carbon atoms and at least one double bond; 
preferred meanings are vinyl, allyl, 1-propenyl, 1-butenyl, isobutenyl and 1-hexenyl; 

- phenylalkyl preferably means benzyl and phenyl; 

- substituted alkyl and substituted alkenyl, mean the above mentioned alkyl and alkenyl radical 
substituted by 1 or 2 substituents preferably selected from the group comprising halogens (in 

55 particular F, CI and Br) and Ci -C* alkoxy; 

- substituted phenyl and substituted phenylalkyl mean phenyl and th above mentioned phenylalkyl 
radical substituted by 1 or 2 substituents preferably selected from the group comprising halogens, C1- 
C* alkoxy, Ci-C* alkyl, cyano, nitro and trifluoromethyl; 
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- acyl of a carboxylic acid means the acyl residue of an optionally substituted carbonic or carboxylic 
Ci -C* aliphatic acid; preferred meanings are acetyl, propionyl, dichloroacetyl, phenylacetyl, methox- 
yacetyl, and benzoyl optionally substituted by 1 or 2 substituents preferably selected from the group 
comprising halogens, Ci -C* alkyl and Ci -C* alkoxy; 
5 - acyl of a sulfonic acid means the acyl residue (i) of an alkylsulfonic acid; preferred meanings are 
methanesulfonyl, ethanesulfonyl and trifluoromethanesulfonyl, or (ii) of an arylsulfonic acid; preferred 
meanings are benzenesulfonyl, p-toluenesulfonyl and naphthalenesulfonyl. 
A preferred class of compounds of formula II is that wherein both Ri and R2 are hydrogen. A most 
preferred group of compounds of formula II is that wherein both R1 and R 2 are hydrogen and R is alkyl, 
70 substituted alkyl, phenyl, and substituted phenyl. Preferred meanings of R are methyl, ethyl, dichloro- 
methyl, phenyl, 4-tolyl, 2,6-dimethyl-phenyl, 2,6-dichloro-phenyl, 4-nitro-phenyl, 4-chloro-phenyl and 4- 
methoxy-phenyl. 

Another preferred class of compounds of formula II is that wherein Rv and R2 together form a group 

75 




20 where both R 3 are methyl, ethyl, phenyl, or together form a tetramethylene or a pentamethylene chain. 

In both the preferred classes of the compounds of formula II, the preferred meanings of X are fluoro, 
hydroxy, acetoxy, benzoyloxy, propanoyloxy, methanesulfonyloxy, ethanesulfonyloxy, benzenesulfonyloxy 
and p-toluenesulfonyloxy. 

The process of this invention is carried out by bringing into contact a compound of formula II with an 
25 ionizing non-nucleophilic agent. 

The expression "ionizing agent" is herein intended to mean an agent capable of increasing the polarity 
of a covalent bond between two different atoms (Jerry March, Advanced Organic Chemistry, III Ed., 1985, 
p.318). 

In the specific case of this invention, the two different atoms are the benzylic carbon at position 3 and 
30 the oxygen atom linked thereto. 

In turn, the expression "non-nucleophilic agent" is herein intended to mean an agent which does not 
have the reactivity of nucleophiles, i.e. an agent which does not tend to give substitution reactions to the 
benzylic carbon at position 3. 

Specific examples of ionizing non-nucleophilic agents according to this invention comprise strong protic 
35 acids and Lewis acids having affinity for oxygen. 

Preferred examples are trifluoroacetic acid, sulfuric acid, methanesulfonic acid, p-toluenesulfonic acid, 
trifluoromethanesulfonic acid, AIC1 3 , and protonated tertiary amines. 

When Ri = H, a preferred embodiment comprises treating compound II with methanesulfonyl chloride 
and a tertiary amine. 

40 It is likely that a labile intermediate is formed wherein the hydroxy group at position 3 is converted into 
a mesyloxy group and that the thus obtained protonated tertiary amine acts as the ionizing non-nucleophilic 
agent. 

Solvents or diluents suitable for performing the process of this invention are all the solvents which do 
not decrease in any significant way the ionizing strength of the system. In particular, suitable solvents and 
45 diluents are the non basic ones. Specific examples are the chlorinated hydrocarbons such as dich- 
loromethane, chloroform, 1,1-dichloroethane, 1 ,2-dichloroethane and chlorobenzene, aromatic hydrocarbons 
such as benzene, toluene and xylene, and ethers such as diethyl ether, dimethoxy ethane and 
tetrahydrofuran. 

The process of this invention is carried out in a substantially anhydrous medium obtained, for instance, 
so by adding a small amount of acetic anhydride to the solvent. 

The reaction is preferably carried out at a temperature of from 0 to 40* C. 

All the compounds of formula II can be prepared from the erythro 2R.3S thiomicamine according to 
conventional procedures known in connection with the preparation of the threo stereoisomers of compounds 
of formula II from threo thiomicamine. 
55 As far as the operative details are concerned reference is made to the above cited references as well as 
to th sp cific xamples which follow. 

Starting from the compounds of formula II wherein X is acyloxy or hydrogen, the corresponding 
compounds of formula I are obtained wherein X is acyloxy or hydrogen, respectively. 
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Although it is possible to perform the process of this invention from compounds of formula II wherein X 
is hydroxy, it is however preferable to convert them into the corresponding analogues wherein X is an 
acyloxy radical from a carboxylic acid. As an alternative, and that can be particularly useful when preparing 
Florfenicol, one mole of compound II wherein X = OH is reacted with two moles of a sulfonyl halide, thus 
5 yielding directly the compounds I wherein X is an acyloxy radical from a sulfonic acid. 

The possible presence of an oxazoline stereoisomer having trans-(5S> configuration is not an obstacle 
since the latter affords the desired trans-(5R) isomer when treated according to the process of this 
invention. 

The significance of this invention lies in the fact that it makes it possible using an erythro isomer of 
10 thiomicamine or a derivative thereof having 2R.3S configuration in the preparation of Thiamphenicol and 
Florfenicol. 

This was not possible before this invention. 

Indeed, in an analogous manner it is also possible to utilize a mixture of thiomicamine (or derivatives 
thereof) having erythro 2R.3S and threo 2R.3R configuration, as starting product. It is in fact known that the 
75 latter is also converted into an oxazoline I having 4R,5R configuration. 

Oxazoline I can be easily converted into Thiamphenicol or Florfenicol by known methods already 
described in the literature. 

By way of example, if one wishes to prepare Thiamphenicol from a compound of formula I, a compound 
I wherein X is hydroxy or acyloxy is converted, by hydrolyzation, into (2R,3R)-thiomicamine which, as 
20 described In the literature, is converted into Thiamphenicol by means of the N-dichloroacetylation and 
oxidation of the group SCH 3 to SO2CH3. As an alternative, a compound of formula I is oxidized at the sulfur 
atom to yield the corresponding oxazoline compound wherein the phenyl ring at position 5 is substituted by 
a CH 3 S02 group, and then undergoes hydrolyzation and N-dichloroacetylation. 

On the other hand, if one wishes to prepare Florfenicol the key product is the oxazoline I wherein X is 
25 fluorine. 

This oxazoline can be prepared from the corresponding compound II or by fluorination of a compound I 
wherein X is an acyloxy radical from a sulfonic acid, as taught by EP-A-0 130 633, or still it can be prepared 
by fluorination of an oxazoline I wherein X = OH, according to the method taught by EP-B-0 014 437. 

Hydrolyzation of a compound of formula I wherein X is fluorine yields (2S,3R)-3-(4-methylthiophenyl)-3- 
30 hydroxy 2-amino-1 -fluoro-propane. 

The conversion of this compound into Florfenicol is taught by U.S. patent 4 235 892. 

As an alternative, the oxidation at the sulfur atom of the oxazoline I yields the corresponding oxazoline 
wherein the phenyl ring at position 5 is substituted by a CH3SO2 group. The fluorination and hydrolyzation 
of the latter oxazoline compound yields (2S,3R)-3-(4-methylsulfonylphenyl)-3-hydroxy-2-amino-1-fluoro-pro- 
35 pane which affords, via N-dichloroacetylation, Florfenicol. 

Depending on the meaning of X, when R is dichloromethyl in the compound of formula I, partial 
hydrolyzation affords (2R,3R)-3-(4-methylthiophenyl)-2-dichloroacetamido-1,3-propanediol or (2S,3R)-3-(4- 
methylthiophenyl)-3-hydroxy-2-dichIoroacetamide-l -fluoro-propane. 

In the latter compounds, oxidation of the methylthio group to methylsulfonyl yields Thiamphenicol and 
40 Florfenicol, respectively. 

The following examples are given with the purpose of better illustrating this invention. 

Example 1 

45 (4R,5R)-2-methyl-4-methanesulfonyloxymethyl-5-(^ (Compound A) 

Mesyl chloride (1.83 g; 16.07 mmoles) was added dropwise, under stirring, to a suspension of erythro 
(5R,3S)-N-acetyl-2-amino-3-{(4-methylthio)-phenylI-1,3-propanediol (2 g; 7.84 mmoles) in methylene chlo- 
ride (40 ml) and triethylamine (2 g; 20 mmoles) at 0*C. After 30 minutes the reaction mixture was poured 
50 into a saturated solution of sodium bicarbonate and poured into water (40 ml). The organic phase was 
extracted with methylene chloride, dried over sodium sulfate and evaporated to dryness under vacuum. 

2.5 g of Compound A were obtained. 
1 H-NMR (300 MHz, CDCI 3 ) delta (ppm): 2.09 (d, J = 1.2 Hz, 3H); 2.47 (s, 3H); 3.03 (s, 3H); 4.15-4.22 (m, 
1H); 4.28-4.40 (m, 2H); 5.26 (d, J = 6.4 Hz, 1H); 7.17-7.26 (4H, aromatics). 

55 

Example 2 

) (4S,5R)-2-methyl-4-fluoromethyl-5-(4-m^ (Compound B) 

5 
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A mixture of KF (3.0 g; 52.2 mmoles) and PEG 400 (21.2 g) was heated under stirring to 130* C and 
kept under vacuum for 3.5 hours. After cooling to 110 # C, Compound A (7.0 g; 22.2 mmoles) was added to 
the reaction mixture. The suspension was kept under vacuum at 110'C for 1.5 hours, the vacuum was 
released and the mixture was kept under stirring at 110* C for additional 25 hours. 
5 The solution was cooled to room temperature, then water (100 ml) and methylene chloride (200 ml) 
were added. The two phases were separated and the organic phase was washed four times with water (50 
ml x 4). The organic phase was dried over sodium sulfate and evaporated to dryness under vacuum. A 
residue was obtained consisting mainly of Compound B. 

1 H-NMR (300 MHz, CDCI 3 ) delta (ppm): 2.1 (d, J = 1.2 Hz, 3H); 2.47 (s, 3H); 4.13 (ddddq, J = 5.2 Hz, J = 3.9 
70 Hz. J = 1.2 Hz, J = 7.2 Hz, J = 23 Hz, 1H); 4.52 (ddd, J = 5.2 Hz, J = 10.2 Hz, J = 47 Hz, 1H); 4.58 (ddd, J = 3.9 
Hz. J = 10.2 Hz, J = 47 Hz. 1H); 5.32 (d, J = 7.2 Hz. 1H); 7.18-7.28 (4H, aromatics). 

Example 3 

75 (2S,3R)-3-(4-methylthio_phe_nyl^ (Compound C) 

A mixture of Compound B (prepared as described in Example 2 (2.39 g; 10 mmoles) in water (3 ml) and 
36% hydrochloric acid (5.7 g) was heated at 95 *C for 3 hours. The mixture was cooled to 20 *C, made 
alkaline to pH 8 with sodium bicarbonate and extracted with methylene chloride (50 ml x 2). The combined 
20 organic phases, after drying and evaporation to dryness under vacuum, yielded 2 g of a crude residue 
containing 70% of Compound C. 

A sample gave pure Compound C by crystallization from ethyl acetate. 
'H-NMR (300 MHz, DMSO + D2O) delta (ppm): 2.46 (s. 3H); 2.93 (dddd. J = 16.8 Hz. J = 5.86 Hz, J = 5.6 Hz. 
J = 4.92 Hz, 1 H); 4.1 5 (J = 48 Hz, J = 8.8 Hz, J = 5.86 Hz, 1 H); 4.3 (J = 48 Hz, J = 8.8 Hz, J = 5.6 Hz, 1 H); 4.44 
25 (d, J = 4.9 Hz, 1 H); 7.20-7.30 (4H, aromatics). 

Example 4 

Florfenicol 

30 

Sodium tungstate dihydrate (6.4 mg) and 39% hydrogen peroxide (2.8 ml, about 28 mmoles) were 
added to a solution of crude Compound B (2.8 g; see Example 2) in methyl alcohol (4.5 ml) at 60 *C. The 
reaction mixture was kept at 60* C for 5 hours and then cooled to 25* C and kept at 25* C for 10 hours. 
37% hydrochloric acid (8 ml) was added to the reaction mixture, containing (4S,5R)-2-methyl-4- 
35 fluoromethyl-5-(4-methyl-sulfonylphenyl)-2-oxazoline (Compound D); the solution was refluxed for 4 hours 
and then cooled to 40 # C. After removal of the solvents under vacuum at 40*C, the residue was taken up 
with methylene chloride (50 ml) and water (10 ml). After separation of the phases, the aqueous phase was 
extracted again with methylene chloride (2 x 50 ml) and the combined organic phases were dried over 
sodium sulfate and evaporated to dryness. 
40 A residue was obtained containing (2S,3R)-3-(4-methylsulfonylphenyl)-3-hydroxy-2-amino-1-fiuoro-pro- 
pane (Compound E), which was dissolved in methyl alcohol (3 ml) and triethylamine (0.97 g; 96 mmoles); to 
the solution, kept at 25'C in an inert atmosphere, methyl dichloroacetate was added (1.6 g; 11.2 mmoles). 
The reaction mixture was heated to 40 * C for 6 hours, the solvent was then evaporated under vacuum and 
the residue was taken up with methylene chloride (50 ml) and water (20 ml). After separation of the phases, 
45 the organic phase was dried over sodium sulfate and evaporated to dryness. 

A residue was thus obtained (2.6 g) which was crystallized from a solution of ethyl alcohol (2.2 ml) and 
water (0.4 ml) to give pure Florfenicol (2.02 g) whose chemical-physical properties were in accordance with 
the literature (EP 0 014 437). 

50 Example 5 

Florfenicol 



A mixture of Compound C (1 g; 4.7 mmoles) in methyl alcohol (0.9 ml) and methyl chloroacetate (1 .1 g; 
55 7.7 mmoles) was refluxed for 1.5 hours. The mixture was cooled to 60 'C and sodium tungstate (4 mg), 
EDTA (2 mg) and water (0.12 ml) were added. 

1 30 volumes of hydrogen peroxide were dropped into the reaction mixture at 60 * C. After completion of 
the dropwise addition, the reaction mixture was kept at 55 * C for 2 hours. Afterwards, the reaction mixture 
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was cooled to 0 * C, the precipitate was filtered and washed with water. 
700 mg of pure Fluorfenicol were obtained. 

Example 6 

5 

(4S,5R)-2-phenyl-4-fluoromethyl-5-(4-methyl-thiophenyl) i 2-oxazoline (Compound L) 

To a solution of Compound C (1 g) in methylene chloride (5 ml) and triethylamine (0.47 g; 4.7 mmoles), 
kept at 25 # C with stirring in an inert atmosphere, a solution of benzoyl chloride (0.56 g; 4.0 mmoles) in 
70 methylene chloride (2 ml) was added over 15 minutes. After 30 minutes (TLC analysis, eluent ethyl acetate : 
methyl alcohol = 8 : 2) an 8% solution of sodium bicarbonate (40 ml) was added to the reaction mixture. 
After separation of the phases, the organic phase was washed with 0.1 N hydrochloric acid (5 ml) and water 
(5 ml). The organic phase was dried over sodium sulfate and the solvent was evaporated under vacuum. 
A residue was obtained consisting of the N-benzoyl-derivatives of Compounds C and F in the ratio 1:1 
15 (Compounds G and H, respectively), which was dissolved in methylene chloride (5 ml) and triethylamine 
(0.68 g; 6.7 mmoles). To the solution stirred at 25 'C in an inert atmosphere, a solution of methanesulfonyl 
chloride (0.49; 3.50 mmoles) in methylene chloride (3 ml) was added. 

After 1 hour, a solution of 8% sodium carbonate (40 ml) was added to the reaction mixture. After 
separation of the phases, the organic phase was washed with 0.1 N hydrochloric acid (5 ml) and water (5 
20. ml). The organic phase was dried over sodium sulfate and the solvent was evaporated under vacuum. 

A residue was obtained which was chromatographed over silica gel to give pure Compound L (0.73 g) 
whose properties were in accordance with the literature (EP-A-0 130 633). 

. Example 7 

25 

Fluorthiomicamine Compound C) 

A mixture of Compound L (15 g; 49.7 mmoles), water (17 ml) and 36% hydrochloric acid (28.5) was 
heated to 95 *C for three hours. The mixture was cooled and the insoluble material was filtered under 
30 vacuum. The filtration waters were made alkaline to pH 8 with sodium bicarbonate and extracted with 
methylene chloride (50 ml x 2); the combined organic phases were dried over sodium sulfate and 
evaporated to dryness under vacuum 9.2 g of a crude product were obtained containing 70% of compound 
C. • • • 

Pure Compound C was obtained by crystallization from ethyl acetate. 

35 

-.«-. Example 8 

(2R,3S)-3-(4-methy lthiophenyl)-3-hydrox-2-acetamidopropy I acetate (Compound N) 

40 ; To solution of (2R,3S)-2-acetamido-3-(4-methylthiophenyl)-1,3-propanediol (Compound M) (5 g; 19.6 
: mmoles) in methylene chloride (50 ml), stirred at 25* C in an inert atmosphere, triethylamine (2.38 g; 23.5 
mmoles) and acetyl chloride (1.7 g; 21.5 mmoles) were added. After 1 hour (TLC analysis; eluent, ethyl 
acetate) an 8% solution of sodium bicarbonate (40 ml) was added to the reaction mixture. After separation 
of the phases, the organic phase was washed with 0.5N hydrochloric acid (50 ml) and water (50 ml). The 
45 organic phase was dried over sodium sulfate and the solvent was evaporated under vacuum. 

An oily residue was obtained which was crystallized from diethyl ether to give pure Compound N (4.2 g; 
14.2 mmoles; yield, 73%). 

1 H-NMR (300 MHz, CDCb) delta (ppm): 1.99 (s, 3H); 2.00 (s, 3H); 2.49 (s, 3H); 3.37 (d, J = 3.8 Hz, 1H); 4.02 
(dd, J = 4.4 Hz, J = 11.7 Hz, 1H); 4,25 (dd, J = 7.5 Hz, J = 11.7 Hz, 1H); 4.45 (dddd, J = 4.4 Hz, J = 7.5 Hz, 
so J=4.1 Hz. J = 8.5 Hz, 1H); 4.88 (dd, J = 2.7 Hz, J = 4.1 Hz, 1H); 5.98 (d, J=8.5 Hz, 1H); 7.20-7.30 (4H, 
aromatics). 

Example 9 

55 (4R,5R)-2-methyl-4-acetoxymethyl-5-(4-methyl-thiophenyl)-2-oxazoline (Compound O) and 
(4R ,5R)-2^m~eth y l~4^hy d roxy metrTyT-5-(4-7TTefh y Ith i o ph en yT)-2-oxazo I i ne~ (Compound P) 

To a solution of Compound N (see Example 8; 3 g; 10.17 mmoles) in methylene chloride (15 ml) and 
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triethylamine (2.54 g; 25.12 mmoles) kept at 25*C under nitrogen, a solution of mesyl chloride (1.5 g; 13.22 
mmoles) in methylene chloride (10 ml) was added over 15 minutes. After 1 hour the reaction mixture was 
poured into an 8% sodium bicarbonate solution (10 ml). After separation of the phases, the organic phase 
was washed with 0.5N hydrochloric acid (15 ml) and water (5 ml). After evaporation of the solvent under 
5 vacuum, the residue was crystallized from diisopropyl ether (10 ml) to give pure Compound 0 (2.3 g; 8.24 
mmoles; yield, 81%). 

[alpha]D 20 = -153.5* (c = 1, CDCI 3 ); m.p. = 64-66* C 

1 H-NMR (CDCI3) delta (ppm): 2.09 (s, 3H); 2.11 (d, J = 1.11 Hz, 3H); 2.49 (s, 3H); 4.18 (m, 1H); 4.25 (m, 3H); 
5.13 (d, J = 6.82 Hz, 3H); 7.19-7.28 (4H, aromatics). 
70 13 C-NMR (CDCI3): 14.0, 15.5, 15.6, 65.5, 73.4, 83.2, 126.1, 127.7, 136.7, 139.1, 165.8, 170.7. 
IR (CCU): 1750, 1675, 1230 cm" 1 . 

MS: m/e (relative intensity): 280 (M + 1 ; 41 ), 220 (47), 1 73 (1 1 ), 65 (1 00). 

"To a suspension of Compound O (2.3 g; 8.24 mmoles) in methyl alcohol (20 ml), sodium carbonate 
(1.38 g; 13 mmoles) was added at room temperature and with stirring. The reaction mixture was kept under 
75 stirring in an inert atmosphere at room temperature for 3 hours; methylene chloride (15 ml) was added to 
the suspension. After 0.5 hours, the solid was filtered and the filtration waters were evaporated to dryness 
under vacuum. 

A solid was obtained which was crystallized from methyl alcohol to give 1.66 g (7.0 mmoles) of 
compound P. 

20 1 H-NMR (CDCI3) delta (ppm): 2.09 (d, J = 1.41 Hz, 3H); 2.48 (s, 3H); 2.63 (dd, J =4.1 Hz, J = 11.7 Hz, 1H); 
3.91 (dd, J = 8.0 Hz, J = 11.7 Hz, 1H); 4.01 (dddq, J = 4.1 Hz, J = 8.0 Hz, J = 7.8 Hz, J = 1.4 Hz, 1H); 5.29 (d, 
J = 7.8 Hz, 1H); 7.19-7.27 (4H, aromatics). 

Example 10 

25 

(2R.3S)-3^methym (Compound Q) and 

(fR.^^lPtenyM^^ (Compound R) 

To a solution of erythro (2R,3S)-2-amino-3-(4-methylthiophenyl)-1,3-propanediol (1.5 g; 7 mmoles) in 
30 dimethylformamide (4 ml) and triethylamine (0.76 g; 7.6 mmoles) stirred at 25 *C in an inert atmosphere, a 
solution of benzoyl chloride (0.99 g; 7.05 mmoles) in dimethyl formamide (2 ml) was added over 15 
minutes. After 1 hour (TLC analysis; eluent, ethyl acetate : methyl alcohol = 1:1), methylene chloride (30 
ml) and an 8% solution of sodium bicarbonate (30 ml) were added to the reaction mixture. After separation 
of the phases the aqueous phase was extracted with methylene chloride (20 ml) and the combined organic 
35 phases were washed with 0,1 N hydrochloric acid (10 ml) and water (10 ml). The organic phase was dried 
over sodium sulfate and the solvent was evaporated under vacuum. 

A residue was obtained which was crystallized from isopropyl ether to give pure Compound Q (1 .9 g; 
6.1 mmoles; yield, 87%). 

1 H-NMR (300 MHz, CDCI3 +D2O) delta (ppm): 2.49 (s, 3H); 3.70 (dd, J = 3.64 Hz, J = 11.62 Hz, 1H); 3.92 
40 (dd, J = 3.17 Hz, J = 11.62 Hz, 1H); 4.26 (dddd, J = 3.17 Hz, J = 3.64 Hz, J = 3.59 Hz, J = 8.10 Hz, 1H); 5.16 
(d, J = 3.59 Hz, 1 H); 7.07 (d, J = 8.1 0 Hz, 1 H); 7.25-7.39 (4H, aromatics); 7.41 -7.81 (5H, aromatics). 

To a solution of Compound Q (1.9 g; 6.0 mmoles) in dimethyl formamide (6 ml), methylene chloride (3 
ml) and triethylamine (670 mg; 6.6 mmoles), at room temperature under stirring and in an inert atmosphere, 
a solution of methanesulfonyl chloride (0.75 g; 6.6 mmoles) in methylene chloride (2 ml) was added. 
45 After 1 hour (TLC analysis; eluent. diethyl ether) methylene chloride (10 ml) and sodium bicarbonate (20 
ml) were added to the reaction mixture. After separation of the phases, the organic phase was washed with 
0.1 N hydrochloric acid (15 ml) and water (15 ml). The organic phase was dried over sodium sulfate and 
evaporated under vacuum to give Compound R whose chemical-physical properties were in accordance 
with the literature (EP-A-0 130 633). 

so 

Example 1 1 
Compound A 



55 Working in a manner similar to that described in EP-A-0 423 705.6 but starting from (2R,3S)-2-amino-3- 
(4-m thylthiophenyl)-1,3-propanediol, (4R,5S)-2,2-dimethyl-3-acetyl-4-hydroxymethyl-5-(4-methylthiophenyl)- 
1,3-oxazolin (Compound B) was prepared. 

To a solution of Compound S (15 g; 50.8 mmoles) and triethylamine (6.2 g; 61 mmoles) in methylene 
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chloride (80 ml), methanesulfonyl chloride (6.35 g; 56 mmoles) was added under stirring at 15 # C. 

After 40 minutes the suspension was filtered under nitrogen and to the solution containing the 4- 
methanesulfonyloxy derivative of Compound S (Compound T), acetic anhydride (0.5 g) and a solution of 
methanesulfonic acid (10 g; 104 mmoles) in acetic anhydride (0.5 g; 5 mmoles) and methylene chloride (30 
5 ml) were added at 20 * C. 

The reaction mixture was heated to 35 *C for 1 hour and then poured into a solution of diethyl ether 
(200 ml) and triethylamine (17 g; 170 mmoles). 

To the thus obtained solution water was added (150 ml). After separation of the phases, the aqueous 
phase was extracted with diethyl ether (50 ml). The combined organic phases were distilled under vacuum' 
10 to give a residue (12.7 g) (Compound A). Compound T, which can be isolated after usual processing of the 
mixture with water and methylene chloride, has the following characteristics: 

1 H-NMR (300 MHz, CDCI 3 ) delta (ppm): 1.71 (s, 3H); 1.75 (s, 3H); 2.21 (s, 3H); 2.49 (s, 3H); 2.64 (s, 3H); 
3.57 (dd. J = 6.93 Hz, J = 10.53 Hz, 1H); 3.94 (dd, J = 5.86 Hz, J = 10.53 Hz, 1H); 4.34 (ddd, J = 5.86 Hz, 
J = 6.93 Hz. J = 4.85 Hz, 1 H); 5.33 (d, J = 4.85 Hz, 1 H); 7.25-7.31 (4H, aromatics). 

15 

Example 12 

(4R,5R)-2-methyl-4-methanesuJfonyloxymethyl-5-(4-methyl sulfonylphenyl)-2-oxazoline (Compound U) 

20 To a solution of Compound A (1.0 g; 3.17 mmoles) in methyl alcohol (7 ml), heated to 40 *C, sodium 
tungstate dihydrate (6.4 mg), ethylenediaminetetracetic acid disodium salt dihydrate (3 mg) and 35% 
hydrogen peroxide (0.85 ml, about 8.75 mmoles) were added. 
The reaction mixture was kept at 40* C for 3 hours. 

The reaction mixture was then concentrated to about 1/3 of the volume and methylene chloride (20 ml) 
25 and water (10 ml) were added. 

The phases were separated and the organic phase was washed with water (10 ml). The organic phase 
was dried over sodium sulfate and evaporated to dryness under vacuum. A residue (0.6 g) mainly consisting 
of Compound U was obtained. 

'H-NMR (300 MHz, CDCI3) delta (ppm): 2.16 (s, 3H); 3.06 (s, 3H); 3.09 (s, 3H); 4.2 (m, 1H); 4.35 (dd, 
30 J = 10.5 Hz, J = 5.95 Hz, 1H); 4.44 (dd, J = 10.5 Hz, J = 4.1 Hz, 1H); 5.44 (d, J = 6.72 Hz, 1H); 7.50 (part BB' 
of the system AA'BB', J = 8.3 Hz, 2H); 7.97 (part AA' of the system AA'BB', J = 8.3 Hz, 2H). 

Working in a similar manner but starting from oxazolines B, O and P, the analogous 4-methylsulfonyl- 
phenyl substituted compounds were obtained. 

35 Example 13 

(2R,3R)-2-amino-3-(42methylth[ophen 

Acetylation of Compound S (see Example 11) with acetyl chloride and triethylamine, affords (4R.5S)- 
40 2,2-dimethyl-3-acetyl-4-acetoxymethyl-5-(4-methylthiophenyl)-1 ,3-oxazolidine (Compound V). 

To a solution of methanesulfonic acid (15 g; 0.156 mmoles), chloroform (45 ml) (ethanol free) and acetic 
anhydride (6.0 g; 0.058 mmoles), Compound V (20 g; 0.06 moles) was added under stirring at 25* C in a 
nitrogen atmospher. 

The solution was heated to 35* C and kept at 35* C for 2 hours (solution A). Solution A was then poured 
45 at 15* C into a stirred solution of sodium hydroxide (19 g; 0.48 moles) in water (530 ml). 

The mixture was heated under reflux while the mixture of water and chloroform (450 ml) was distilled. 
The solution was kept at 95 ■ C for 4 hours, then cooled to 1 5 * C for 2 hours. A precipitate was formed 
which was filtered, washed with water (2 x 10 ml) and dried under vacuum at 60 "C to give pure 
Thiomicamine (10.7 g; 0.050 moles; yield, 85%). 
50 [alphaJD 20 =-33.2" (c = 2; 0.1 N HCI); ee > 99% 

In a parallel assay, solution A was poured into a solution of triethylamine (40.4 g; 0.40 moles) and ethyl 
ether (300 ml); water (100 ml) was added to the thus obtained suspension and, after separation of the 
phases, the organic phase was washed with water (100 ml), dried over sodium sulfate and evaporated to 
dryness. 

55 A residue (17 g) was obtained which was 95.30% Compound O (see Example 9) whil the remaining 
4.7% was the (4R.5S) stereoisomer (Compound O'). 

Example 14 
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Compound 0 

To a solution of methanesulfonic acid (15 g; about 0.156 moles) and chloroform (45 ml) (ethanol free), 
Compound V (see Example 13) (20 g; 0.06 moles) was added under stirring at 25 *C under nitrogen. 

5 The solution was kept for 26 hours at 35° C and then poured into a stirred solution of diethyl ether (300 
ml) and triethylamine (20.2 g; 0.2 moles). To the reaction mixture water (200 ml) was added; after 
separation of the phases, the organic phase was washed with 10% ammonium chloride (100 ml) and water 
(100 ml). The organic phases were dried over sodium sulfate and evaporated under vacuum. The residue 
(17 g) which contained compound 0 and the (4R,5S) stereoisomer thereof (Compound O') in the ratio 89:11 

ro was crystallized from diisopropyl ether (200 ml) to give pure Compound O (13.2 g; 0.047 moles; yield, 
79%). 

The filtration waters were concentrated under vacuum and the residue was purified by flash chromatog- 
raphy (eluent, diethyl ether : triethyi amine = 97 : 3) to give pure Compound O' (0.84 g; 3 mmoles; yield, 
5%), having the following characteristics: 
75 [alpha] D2°= -132.1 * (c = 1, CHCI 3 ); m.p. = 71-73 'C 

1 H-NMR (CDCfe) delta (ppm): 1.92 (s, 3H); 2.13 (d, J = 1.4 Hz, 3H); 2.48 (s, 3H); 3.62 (dd, J = 6.14 Hz, 
J = 16.7 Hz, 1H); 3.81 (dd, J = 5.6 Hz, J = 16.7 Hz, 1H); 4.52 (m, 1H); 5.60 (d, J = 10.2 Hz, 1H); 7.10-7.30 (4H, 
aromatics). 

,3 C-NMR (CDCI 3 ): 14.0, 15.6, 20.6, 64.0, 67.9. 82.1, 126.3, 126.5, 132.3, 138.9, 166.1, 170.4. 
20 IR (CDCU): 1745, 1670, 1235 cm" 1 . 

MS: m/e (relative intensity): 280 (M + 1 ; 7.22), 220 (18), 173 (5.5), 65 (100). 

Compound O* (purity: greater than 99%) was treated at 35 # C for 24 hours with methanesulfonic acid in 
chloroform containing acetic anhydride. After processing, a mixture of Compounds O and O* in the ratio 
88.6 : 1 1 .4 (NMR) was obtained. 

25 

Example 15 

(4R,5R)-2-methyl-4-hydroxymethyl-5-(4-_m_ethyl-_su (Compound Z) 

30 To a solution of Compound P (see Example 9; 1.5 g; 6.44 mmoles) in methyl alcohol (10.5 ml) stirred at 
25 *C, sodium tungstate dihydrate (12.5 mg), ethylene diamino tetracetic acid disodium salt dihydrate (5.85 
mg) and 35% hydrogen peroxide (1.2 ml; 13.8 mmoles) were added. 
The reaction mixture was kept at 25 • C for 3 hours. 

The reaction mixture was then concentrated to about 1/3 of its volume and methylene chloride (20 ml) 
35 and water (10 ml) were added. 

The phases were separated and the organic phase was washed with water (10 ml). The organic phase 
was dried over sodium sulfate and evaporated to dryness under vacuum. A residue (1.5 g) was obtained 
mainly consisting of Compound Z. 

1 H-NMR (300 MHz, CDCb-CfeO) delta (ppm): 2.14 (s, 3H); 3.05 (s, 3H); 3.73 (dd, J = 4 Hz, J = 11.7 Hz, 1H); 
40 3.90 (dd, J=4.15 Hz, J = 11.7 Hz, 1H); 4.00 (m, 1H); 7,49 (part B of the system AA'BB', J = 7.8 Hz, 2H); 7.95 
(part A of the system AA'BB', J = 7.8 Hz, 2H). 

Claims 

46 1, A process for preparing a 2-oxazoline compound of the formula 



50 



55 




II trans(5R)J 



wherein 
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R is alkyl, alkoxy, substituted alkyl, alkenyl, substituted alkenyl, phenyl, substituted phenyl, 

phenylalkyl or substituted phenylalkyl, and 
X is hydroxy, halogen or acyloxy from a carboxylic or sulfonic acid, 
comprising treating a compound of the formula 

OR, 

CH 3 SHf QJ) VCH— CH-CH a X III, erythro(3S)l 



N 



/\ 

Ra CO-R 



wherein 

R and X have the above mentioned meanings, 

Ri is hydrogen or acyl, 

R2 is hydrogen, or 

20 R1 and R2 together form a group 



v 



"3 



where Ra is hydrogen, alkyl, alkoxy or phenyl, or both R3 together form a tetra or 
pentamethylene chain. 

with an ionizing non-nucleophilic agent, in an inert solvent or diluting agent, at a temperature of from 
-20 to 100" C. 

2. A process according to claim 1 , wherein both R1 and R2 are hydrogen in the compound of formula II. 

3. A process according to claim 1, wherein in the compound of formula II R1 and R2 together form a 
group 



R, R. 

v 3 

where both R3 are methyl, ethyl, phenyl or together form a tetramethylene or pentamethylene chain. 

4. A process according to any of the above claims wherein R is alkyl, substituted alkyl, phenyl or 
substituted phenyl. 

5. A process according to any of the above claims wherein X is fluoro, hydroxy, acetoxy, benzoyloxy, 
propanoyloxy, methanesulfonyloxy, ethanesulfonyloxy, benzenesulfonyloxy or p-toluenesulfonyloxy. 

6. A process according to any of the above claims wherein the ionizing non-nucleophilic agent is a strong 
50 protic acid or a Lewis acid having affinity for oxygen. 

7. A process according to claim 6 wherein the ionizing non-nucleophilic agent is selected from the group 
comprising trifluoroacetic acid, sulfuric acid, methanesulfonic acid, p-toluenesuKonic acid, 
trifluoromethanesulfonic acid, AlCI 3 , and protonated tertiary amines. 



8. A process according to claim 1 , wh rein the ionizing non-nucleophilic agent comprises methanesulfonyl 
chloride and a tertiary amine, wh n R1 is OH in the formula II. 
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9. A process according to claim 1, wherein the inert solvent and the inert diluent are selected from the 
group comprising chlorinated hydrocarbons, aromatic hydrocarbons and ethers. 

10. A process according to claim 1, wherein the temperature is of from 0 to 40 *C. 
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